INTRODUCTION
Endovascular coiling is being used increasingly for the treatment of intracranial aneurysms. 1 2 The Raymond-Roy Occlusion Classification (RROC; also known as the Montreal Scale, Modified Montreal Scale, or the Raymond Montreal Scale) is a widely accepted system for evaluating aneurysm occlusion class 3 but was not designed to predict recurrence. 4 In this scheme, Class I is defined as complete obliteration, Class II as residual neck, and Class III as residual aneurysm. It has been shown that Class III aneurysms have a higher propensity to remain incompletely occluded and potentially rebleed. [5] [6] [7] Since only a proportion of Class III aneurysms remain incompletely occluded, however, it would be useful to understand the factors influencing progression to complete occlusion.
Our experience with coil embolization suggests that Class III aneurysms exhibit heterogeneous behavior, with one subset likely to occlude over time and another likely to remain patent or to grow. We propose the Modified Raymond-Roy Classification (MRRC), in which Class IIIa designates contrast opacification within the coil interstices of a residual aneurysm and Class IIIb designates contrast opacification outside the coil interstices, along the residual aneurysm wall (figure 1). We hypothesize that Class IIIa aneurysms progress to occlusion more frequently than Class IIIb aneurysms.
METHODS

Study design
This is a retrospective review of patients treated with coil embolization at a single institution. A database containing 424 patients with 499 intracranial aneurysms treated by endovascular techniques from 2003 to 2014 was examined. After excluding atypical aneurysms (eg, fusiform), those that were previously treated, and those that were not treated with coil embolization (eg, flow diversion), the final study population included 370 patients with 390 aneurysms.
Patients, aneurysms, and procedural characteristics
Subject and aneurysm characteristics were determined by review of subjects' medical charts and angiographic data. The study population was diverse, including both ruptured and unruptured aneurysms and a wide range of aneurysm sizes and locations. Aneurysm size was determined both qualitatively and quantitatively. The qualitative system involved using the maximum dome diameter and is as follows: small: <10 mm; large: 10-25 mm; and giant: >25 mm. Posterior communicating artery aneurysms were included in the anterior circulation.
All aneurysm embolizations were performed at a single institution by two interventional neurosurgeons and one interventional neuroradiologist. A variety of coil and stent types were used as well as different degrees of procedural assistance including stand-alone, balloon-assisted, and stent-assisted coiling. 
Figure 2
Examples of three aneurysms treated with stand-alone coiling. All three aneurysms were graded as Class IIIa because there was contrast within the coil interstices (first column) and because coils opposed the wall of the entire aneurysm (second column). All three aneurysms progressed to occlusion at first follow-up (third column).
Neuroimaging Angiographic review
All initial and follow-up angiograms were reviewed by either interventional neurosurgeon ABP or HM and the MRRC was applied. Although the angiographic review was not blinded, the initial angiogram was always evaluated before the follow-up to reduce bias. The following considerations were taken into account when applying the MRRC: ▸ All aneurysms were graded in at least two angiographic views. ▸ Class IIIa or IIIb designation took precedence over the status of the aneurysm neck. ▸ Flow stasis was not included in the MRRC. ▸ Any contrast seen within the aneurysm at the end of the procedure was defined as Class III, even if believed to be a result of heparinization or use of antiplatelet therapy. ▸ Class IIIa designation was only given if coils opposed the wall of the entire aneurysm dome on the unsubtracted view (figure 2). Class IIIb designation was only given if there was a gap between the coils and the aneurysm wall on an unsubtracted view (figure 3). ▸ Class IIIb aneurysms usually had contrast opacification through a portion of the aneurysm neck with continuation along a portion of the aneurysm wall ( figure 3) . Occasionally, however, Class IIIb designation was used when the neck was completely occluded (eg, complete coiling of a proximal aneurysm lobule with persistent filling of a distal lobule).
Statistical methods
The RROC was calculated for each aneurysm at each angiogram as previously discussed. Pretreatment, aneurysm, and treatment variables were assessed for differences between Classes IIIa and IIIb using the Mann-Whitney test or Pearson χ 2 test for continuous and categorical variables respectively. Kaplan-Meier Figure 3 Examples of three aneurysms treated with coil embolization except for the ophthalmic aneurysm (C) that was treated with stent assistance. All three aneurysms were graded as Class IIIb because there was contrast along the aneurysm dome wall (first column) and because there was a gap between the coils and the aneurysm wall (second column). All three aneurysms remained incompletely occluded at first follow-up (third column). The anterior communicating artery (A) and ophthalmic artery aneurysms (C) required retreatment and the posterior communicating artery aneurysm (B) reruptured and required surgical clipping.
curves were constructed to graphically depict time to closure or improvement, and the log rank test was used for subsequent evaluation. All reported p values are two sided with a standard α set at 0.05. All averages are the mean average with a SD. All data management and analyses were conducted using SPSS V.20.0 (IBM, Armonk, New York, USA).
Multivariate logistic regression analysis was also performed using SPSS V.20.0. Categorical variables were reclassified as indicator variables, and multivariable models incorporating both the RROC and MRRC were constructed and ORs and p values were calculated for individual predictors within each model.
RESULTS
Patients, aneurysms, and procedural data
The majority of patients were women (75.13%) and the majority of aneurysms were ruptured (54.87%), small (79.23%), and in the anterior circulation (92.05%). Stent and balloon assistance was used in 28.21% and 10.00% of cases, respectively. A variety of coil and stent types were used. Aneurysms were treated with bare platinum coils in 92.05% of cases ( 
Clinical data
The complication rate in the Class IIIb group compared with the Class IIIa group was not statistically different (14.29% vs 6.25%, p=0.118), nor were the rates of death or permanent disability secondary to the complication (1.43% vs 1.79%, p=0.165). The vasospasm rate was not statistically different between Class IIIa and Class IIIb (27.08% vs 12.12%, p=0.173). The percentage of patients with discharge modified Rankin Scale scores of 3-6 was similar in both groups (38.89% vs 29.90%, p=0.247). There were more retreatments in the Class IIIb group (33.87% vs 6.54%, p<0.001). There was a trend toward more post-treatment ruptures in the Class IIIb group but this did not reach statistical significance (3.23% vs 0.00%, p=0.068; table 4).
DISCUSSION
Initial angiographic occlusion class is a predictor of aneurysm recurrence and rehemorrhage. [5] [6] [7] Many studies have addressed aneurysm recurrence, but there is less literature examining aneurysms that progress to occlusion. In the current study, a high proportion of coiled aneurysms with residual contrast opacification within the coil interstices at the end of the procedure (Class IIIa) were found to be completely occluded or to exhibit only neck filling at follow-up. This subgroup appeared to have a favorable angiographic outcome in comparison with those aneurysms with contrast opacification outside the coil interstices, along the aneurysm wall (Class IIIb).
There are a few possible explanations for the observations in this study. The prothrombotic environment that coils create 8 9 are likely to have a greater effect on blood within the coil mass than outside the coil mass. Coil compaction and aneurysm growth are two methods of aneurysm recurrence. 10 11 Blood along the wall of a Class IIIb aneurysm may promote coil compaction and/or lead to increased wall stress causing aneurysm growth. There is evidence that the mechanism of aneurysm occlusion following coil embolization involves remodeling/ healing of the blood vessel wall along the aneurysm neck. 12 13 Class IIIb aneurysms usually have an area in the aneurysm neck without coils that can be potentiated by the inflow jet over time and prevent neck healing. An experimental model designed to simulate Class IIIa and IIIb aneurysms is needed to determine the exact mechanism by which these aneurysms either progress to occlusion or recur. It is not surprising that the Class IIIb group had larger aneurysms with wider necks. These two features inherently make circumferential packing of the entire aneurysm with coils more difficult. It is also not surprising that PD was lower in the Class IIIb group, as low PD has been associated with recurrence in previous studies. [14] [15] [16] [17] [18] [19] It is important to note, however, that the predictive nature of the MRRC was maintained in a multivariate model that removed the influence of aneurysm size, neck size, and PD. In addition, the multivariate model demonstrated that the MRRC was able to predict recurrence better than the standard RROC model. The two groups had similar clinical courses except that the Class IIIb group had more retreatments and a trend toward more post-treatment ruptures, which are two sources of morbidity for this patient population. This is an important finding because it suggests that the MRRC has an angiographic and also a clinical impact.
There have been previous efforts to augment the RROC. In 2007, Deshaies et al 20 evaluated 64 patients with 67 aneurysms treated with Hydrocoils. The initial RROC was Class I in 43%, Class II in 35%, and Class III in 22%. In this paper, the patients were stratified by size and the authors looked directly at aneurysm recurrence and improvement in RROC class. They found Figure 4 Kaplan-Meier curve demonstrating progression to occlusion over time for Class IIIa and IIIb aneurysms. that three large and three very large aneurysms initially designated as Class III ultimately improved to Class I. In the discussion, the authors claimed that incompletely treated aneurysms with stasis of the contrast material in the neck or dome tended to improve whereas those with contrast flow in the neck or dome recurred. Taking these observations into account, the authors went on to develop their own five-point aneurysm embolization grade (AEG) to help predict recurrence. In 2012, Singla et al 21 reported an internal validity study to evaluate the AEG described above. In this system, AEG A designates no filling of the aneurysm neck or dome, AEG B contrast stasis in the neck and no filling of the dome, AEG C contrast stasis in the neck and dome, AEG D contrast flow in the neck and no filling of the dome, and AEG E contrast flow in the neck and dome. They found that AEG A had significantly better follow-up than all other groups and that the contrast stasis group also had significantly better follow-up than the contrast flow group. They also found that only the RROC Class I designation could be used to predict follow-up durability, and that there was no significant difference between RROC Classes II and III in their predictive value. Stent assistance did not have an effect on initial or long-term durability. The authors favored the AEG system over the RROC system because of its ability to account for hemodynamic flow within the aneurysm neck and dome. While the AEG system accounts for contrast stasis, it does not account for contrast location within the aneurysm dome as is the case with the MRRC.
Stent assistance has been investigated in its ability to promote progression to occlusion. In 2011, Lawson et al 22 investigated the capability of stent assistance to augment the progression from incomplete occlusion (Class II or III) to complete occlusion (Class 1). Of 109 patients available for angiographic follow-up, 33 (89%) in the stented group and 29 (40%) in the unstented group progressed from either Class II or III to Class I. The authors concluded that stent-assisted coiling promotes a progression to occlusion and complete thrombosis of incompletely coiled aneurysms via a flow remodeling effect. This phenomenon has also been observed in other studies of stent-assisted coiling. 23 24 Interestingly, stent assistance was not identified as an independent factor that promotes progression to occlusion in our study.
In 2013, Abdihalim et al 25 investigated contrast stasis as a factor that predicts progression to occlusion. Forty-four patients were identified as having contrast stasis at the end of embolization. Of the patients who underwent follow-up angiography, 21 patients had spontaneous thrombosis of the aneurysm. Size of the contrast stasis ( p=0.02) was the only statistically significant factor that influenced this trend. Dome to neck ratio >2 (p=0.16) and washout on the initial angiogram (p=0.16) only approached statistical significance.
Finally, the knowledge that a Class IIIa result following the procedure is safe and frequently has a favorable progression over time could potentially increase the safety profile of the procedure. Aspiring to always achieve a Class I result requires increased fluoroscopic time, increased number of coils placed, and increased attempts at catheterizing the aneurysm (if the catheter were to herniate out of the aneurysm during the procedure). Increased angiographic time 26 and prolonged attempts at achieving complete aneurysm occlusion 27 have been shown to be associated with an increased ischemic stroke rate.
On the other hand, a Class IIIa result can be achieved more quickly, with fewer coils, and frequently progresses to a Class I or II result at follow-up. Certainly, a Class I result is the most desirable and provides the most protection against recanalization (as seen in our results) or rerupture. It is important to know, however, that, in the vast majority of cases, a Class IIIa result can also provide a safe and stable outcome. Fortunately, none of our Class IIIa aneurysms presented with rerupture.
We understand that this study is limited by its retrospective nature, the subjective nature of the RROC/MRRC, and the lack of an independent blinded angiographic review. Certainly many occlusion grades are debatable, and it has been shown that there is frequently disagreement between observers when using these grading scales (especially as the number of categories in the scale increases). 28 29 Some authors have advocated replacing the RROC system with computerized grading scales due to the subjective nature of the classification and interobserver variation. 30 31 In addition, the MRRC does not differentiate Neuroimaging between contrast flow and stasis, which may also be an important factor. 14 15 19 
CONCLUSIONS
We propose the MRRC to further differentiate Class III aneurysms into those likely to progress to complete occlusion and those likely to remain incompletely occluded or to worsen. The MRRC has the potential to expand the definition of adequate coil embolization, reduce procedural risk, and stratify patients with residual aneurysms into those at higher and lower risk for recurrence. Understanding this phenomenon should prove useful to other interventional neurosurgeons. These findings need to be validated in a prospective study with angiographic grading by an independent blinded neuroradiologist or interventional neurosurgeon.
